Introduction
============

Liver cancer, including hepatocellular carcinoma (HCC) and intrahepatic cholangiocarcinoma, is one of the common malignant tumors of the digestive tract in China, with mortality rate as high as 42.5%, second only to esophageal and gastric cancer. The most important risk factors for liver cancer are hepatitis B virus and alcoholism. According to the results of an epidemiological survey, the increased content of organic chlorides and DDT in drinking water and aflatoxin in food are also major factors inducing liver cancer ([@b1-ol-0-0-9458]). It has also been reported that the occurrence of liver cancer may be related to the difference in gene expression levels in patients, in which the abnormal activation of Wnt/β-catenin signaling pathway and expression deletion of the phosphatase and tensin homolog deleted on chromosome ten (PTEN) and other tumor suppressor genes can mediate the occurrence of liver cancer ([@b2-ol-0-0-9458],[@b3-ol-0-0-9458]). PTEN, discovered in 1997, is a tumor suppressor gene with dual-specificity phosphatase activity located on chromosome 10, which can dephosphorylate downstream phosphatidylinositol 3,4,5-trisphosphate in normal liver tissues, thus blocking the downstream phosphatidylinositol 3-kinase/protein kinase B (PI3K/Akt) signaling pathway, and negatively regulating the growth of liver cells. In case of deletion or mutation of PTEN, however, its negative regulatory effect on downstream pathway will disappear or decline, and the normal regulatory mechanism for cell growth or metastasis will be lost, thereby inducing the occurrence or malignant transformation of tumors ([@b4-ol-0-0-9458],[@b5-ol-0-0-9458]). At present, it has been confirmed that the abnormal expression of PTEN is associated with the occurrence and development of a variety of malignant tumors, such as glioma, endometrial, liver and prostate cancers ([@b6-ol-0-0-9458],[@b7-ol-0-0-9458]). In this study, the expression of PTEN in normal liver cells and liver cancer cells was retrospectively analyzed to investigate the possible associations of PTEN with the incidence of liver cancer, liver function grading and liver function.

Patients and methods
====================

### General patient data

A total of 63 patients diagnosed with primary liver cancer via preoperative puncture or postoperative pathological diagnosis in Xiangya Hospital were enrolled, including 37 males and 26 females aged 30--82 years with an average of 48.5±8.6 years. The hospitalization duration was 2.4--6.3 years with an average of 4.6±2.7 years. All patients underwent surgical resection after preoperative chemotherapy. No abdominal visceral metastasis and lymph node metastasis were found, and there were no other tumors, except liver cancer, during operation. The study was approved by the Ethics Committee of Xiangya Hospital, Central South University (Changsha, China). Signed informed consents were obtained from the patients or the guardians

### Research methods

All patients enrolled in this study were treated with preoperative chemotherapy using cisplatin (CDDP) once per month (3--4 times as one course of treatment). After 2--3 courses of chemotherapy, the patients that satisfied the surgical indications received surgical resection. After operation, the specimens were fixed in 40% formalin at 25°C for 24 h, collected, dehydrated, and prepared into 3-µM sections, followed by routine hematoxylin and eosin (H&E) staining and immunohistochemical staining. The positive control was set. The tissue was blocked with 10% FBS at 20°C for 10 min, then incubated with rabbit anti-human PTEN monoclonal antibody (cat. no. 9559, 1:50; Cell Signaling Technology, Inc., Danvers, MA, USA) at 4°C for 12 h, and washed with PBS for 10 min, 3 times. The tissue was then incubated with secondary antibody SignalStain^®^ Boost IHC Detection Reagent (HRP, rabbit) (cat. no. 8114, 1:500; Cell Signaling Technology, Inc.) at 20°C for 1 h. Serum tumor markers, blood biochemical factors and inflammatory factors in patients were detected via chemiluminescence. Fasting venous blood was drawn from patients at 1 week before and after chemotherapy, and the supernatant was taken after centrifugation at 6,000 × g at 4°C for 15 min for on-machine detection. Before chemotherapy, the liver function of patients was scored according to the Child-Pugh grading: grade A, 5--6 points; grade B, 7--9 points; and grade C, 10--15 points.

### Observation indexes

Interpretation of results: PTEN displayed brown-yellow particles in immunohistochemistry, and the expression of PTEN in liver cancer cells was observed under high-power field by a light microscope (×100): PTEN^++^, percentage of positive cells \>50%; PTEN^+^, percentage of positive cells \>10--50%; and PTEN^−^, percentage of positive cells \<10%. In this study, the percentage of positive cells \>10% indicted positive PTEN expression.

### Statistical methods

GraphPad 5.0 software (GraphPad Software, Inc., La Jolla, CA, USA) was used for the statistical analysis of data. t-test was used for measurement data and Chi-square test for enumeration data. One-way analysis of variance was used for multiple comparisons and Tukey\'s test was the post hoc test used. P\<0.05 suggested that the difference was statistically significant.

Results
=======

### Expression of PTEN in normal liver tissues and liver cancer tissues

In the 63 specimens of this study, the positive expression rate of PTEN was 95.23% in normal liver tissues, but only 46.03% in liver cancer tissues, suggesting that the positive expression rate of PTEN in liver cancer tissues was significantly decreased, and the difference was statistically significant (P\<0.05) ([Table I](#tI-ol-0-0-9458){ref-type="table"}).

### Comparison of serum tumor marker levels between the two groups of patients

After chemotherapy, liver cancer patients were divided into PTEN-positive and PTEN-negative groups according to the expression of PTEN. There was no statistically significant difference in the levels of serum tumor markers between the two groups of patients after chemotherapy (P\>0.05), but the level of α-fetoprotein (AFP) in PTEN-positive group was obviously lower than that in PTEN-negative group (P\<0.05) ([Table II](#tII-ol-0-0-9458){ref-type="table"}).

### Comparison of changes in liver function of patients before and after chemotherapy

After chemotherapy, the expression levels of serum alanine transaminase (ALT) and aspartate transaminase (AST) in patients were slightly increased, which might be related to side-effects of chemotherapy drugs on the liver. The results were not statistically different from those before chemotherapy. After chemotherapy, the levels of albumin (ALB), alkaline phosphatase (ALP) and prothrombin activity (PTA) in patients were obviously decreased, and there were statistically significant differences compared with those before chemotherapy (P\<0.05) ([Table III](#tIII-ol-0-0-9458){ref-type="table"}).

### Association between PTEN expression and liver function classification

There were varying degrees of changes in the liver function of patients with liver cancer, among which the PTEN positive rate was 78.57% in patients in grade A, 46.43% in patients in grade B and 23.8% in patients in grade C. With the increase of Child-Pugh grading of patients with liver cancer, the positive expression rate of PTEN in patients was decreased, displaying a negative association between them ([Table IV](#tIV-ol-0-0-9458){ref-type="table"}).

Comparison of serum inflammatory factors in patients with liver cancer before and after chemotherapy. Detection results of serum biochemical indexes in patients at 1 week before and after chemotherapy manifested that the levels of inflammatory factors in peripheral blood of patients after chemotherapy were remarkably lower than those before chemotherapy, and differences were statistically significant (P\<0.05 or P\<0.001) ([Table V](#tV-ol-0-0-9458){ref-type="table"}).

### Association between PTEN expression and liver cancer tissues

Immunohistochemical results revealed that PTEN was mainly localized in the cytoplasm, and also slightly in the nucleus. Compared with those in normal liver tissues, the expression of PTEN in liver cancer tissues before and after chemotherapy was obviously reduced ([Figs. 1](#f1-ol-0-0-9458){ref-type="fig"}--[3](#f3-ol-0-0-9458){ref-type="fig"}).

Discussion
==========

PTEN is a tumor suppressor gene with dual-specificity phosphatase activity, which is involved in the growth, proliferation, adhesion, migration, differentiation and apoptosis of normal cells and plays important roles in these processes ([@b8-ol-0-0-9458],[@b9-ol-0-0-9458]). Therefore, the role of PTEN gene deletion and mutation in tumorigenesis has attracted the attention of many researchers. At present, a certain progress has been made in the research on the phosphorylase activity and substrate of PTEN in tumor cells and the role of PTEN in signal transduction pathway in various tumor cells ([@b10-ol-0-0-9458]). Through the *in vitro* nerve cell experiment, Weng *et al* have confirmed that PTEN leads to the decline in the activation and phosphorylation of glycogen synthase kinase 3 (GSK3) through the PI3K/AKT signaling pathway. Due to the decreased phosphorylation of GSK3 for downstream cyclin D1, more cyclin D1 is accumulated in cells, thus arresting cells in G1 phase ([@b11-ol-0-0-9458]). According to results of research on glioblastoma, PTEN can inhibit cell growth and migration via regulating focal adhesion kinase (FAK) and p130^cas^ tyrosine phosphorylation ([@b12-ol-0-0-9458],[@b13-ol-0-0-9458]). In breast cancer cells, PTEN, through affecting the insulin receptor IRS-1 phosphorylation and the formation of IRS-1/Grb2/SOS complex, blocking Gab1 migration, and other pathways, can inhibit mitogen-activated protein kinase (MAPK) activity, and reduce the positive regulatory effects of MAPK signaling pathway on cell growth, proliferation and differentiation ([@b14-ol-0-0-9458]). It has also been reported that PTEN plays a role in prostate cancer, in which PTEN can increase the sensitivity of prostate cancer cells to apoptosis receptor- and drug-mediated Fas-associated protein with death domain (FADD)-dependent apoptosis signaling pathway, making a breakthrough in the treatment of prostate cancer ([@b15-ol-0-0-9458]). Therefore, PTEN gene has a close association with the occurrence and development of tumors. It has been reported that the positive expression rate of PTEN protein in HCC tissues is markedly lower than that in para-carcinoma normal tissues, and even not expressed in cancer tissues ([@b16-ol-0-0-9458]). The expression of PTEN is negatively associated to HCC pathological grading and the presence of cancer thrombus. The positive expression rates of PTEN in patients in Child-Pugh grade C and B are significantly lower than that in patients in grade A, and HCC patients with low or negative PTEN protein expression are often accompanied by the elevated level of AFP and the metastasis of cancer cells. However, there are no definite reports on the relationships of the positive expression rate of PTEN with HCC size, serum AFP level and pathological typing ([@b17-ol-0-0-9458]). The results of this study manifested that the expression of PTEN in liver cancer tissues was mainly located in the cytoplasm, and slightly in the nucleus, which are consistent with the results previously reported in the literature ([@b18-ol-0-0-9458]--[@b20-ol-0-0-9458]). Compared with that in normal liver tissues, the expression of PTEN in HCC was remarkably decreased, and the difference was statistically significant (P\<0.05). No significant differences were found in the expression levels of serum tumor markers, except AFP, in HCC patients with negative PTEN expression compared with those in HCC patients with positive PTEN expression, indicating that PTEN expression basically has no effect on the levels of serum tumor markers in HCC, but the expression of AFP is significantly increased in HCC patients with negative PTEN expression. Whether PTEN is related to the expression level of AFP and the way in which it affects the expression of AFP remain to be further investigated. Moreover, there was no significant change in blood biochemical indexes in patients after chemotherapy. The levels of ALT and AST in HCC patients were slightly increased after chemotherapy, which was possibly due to the side-effects of chemotherapy drugs on the liver. The expression levels of ALB, ALP and PTA and inflammatory factors (IL-1 and IL-2) were obviously decreased after chemotherapy, and there were statistically significant differences compared with those before chemotherapy (P\<0.05). The expression of PTEN was negatively associated with the Child-Pugh grading of liver function, which was obviously lower in HCC patients in grade B and C than that in patients in grade A, indicating that the expression of PTEN has a certain effect on the liver function of HCC patients. In conclusion, the association of the expression of PTEN with the liver function classification, serum tumor markers and liver function of HCC patients is described above, providing experimental data for predicting the clinical progression and prognosis of HCC. PTEN can serve as a potential gene in the biologically targeted therapy of liver cancer.
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###### 

Comparison of PTEN protein expression in normal liver tissues and liver cancer tissues.

                                PTEN \[n (%)\]   
  ----------------------------- ---------------- ------------
  Normal liver tissues (n=63)   3 (4.76)         60 (95.23)
  Liver cancer tissues (n=63)   34 (53.97)       29 (46.03)
  χ^2^                                           34.43
  P-value                                        0.0001

PTEN, phosphatase and tensin homolog deleted on chromosome ten.

###### 

Comparison of serum tumor marker levels with PTEN expression before operation (mean ± SD).

  Serum tumor marker   PTEN (−)     PTEN (+)
  -------------------- ------------ ---------------------------------------------------------
  AFP (ng/ml)          167.4±45.6   110.5±32.1^[a](#tfn2-ol-0-0-9458){ref-type="table-fn"}^
  CA125 (U/ml)         143.5±25.7   139.7±13.6
  CEA (ng/ml)          31.4±6.7     34.5±3.2
  CA199 (U/ml)         51.3±9.7     48.6±4.8
  CA153 (U/ml)         45.6±8.9     50.6±5.7

P\<0.05 vs. PTEN-negative group. PTEN, phosphatase and tensin homolog deleted on chromosome ten; AFP, α-fetoprotein.

###### 

Comparison of changes in the liver function of patients before and after chemotherapy (mean ± SD).

  Serum biochemical index of liver   Before chemotherapy   After chemotherapy
  ---------------------------------- --------------------- ---------------------------------------------------------
  ALT (U/l)                          387.5±103.4           413.6±110.7
  AST (U/l)                          396.4±98.4            428.7±104.3
  ALB (U/l)                          38.5±7.3              23.5±6.2^[a](#tfn3-ol-0-0-9458){ref-type="table-fn"}^
  ALP (g/l)                          237.8±84.8            165.4±57.1^[a](#tfn3-ol-0-0-9458){ref-type="table-fn"}^
  PTA (%)                            134.9±23.4            83.5±18.6^[a](#tfn3-ol-0-0-9458){ref-type="table-fn"}^

P\<0.05 vs. before chemotherapy. ALT, alanine transaminase; AST, aspartate transaminase; ALB, albumin; ALP, alkaline phosphatase; PTA, prothrombin activity.

###### 

Association between PTEN expression and liver function classification.

  Child-Pugh grading   Positive PTEN expression \[n (%)\]                        n
  -------------------- --------------------------------------------------------- ----
  A                    11 (78.57)                                                14
  B                    13 (46.43)^[a](#tfn4-ol-0-0-9458){ref-type="table-fn"}^   28
  C                    5 (23.8)^[a](#tfn4-ol-0-0-9458){ref-type="table-fn"}^     21

P\<0.05 vs. grade A. PTEN, phosphatase and tensin homolog deleted on chromosome ten.

###### 

Comparison of serum inflammatory factors in patients with liver cancer before and after chemotherapy (mean ± SD).

  Inflammatory factor   Before chemotherapy   After chemotherapy
  --------------------- --------------------- -----------------------------------------------------------
  IL-1 (ng/l)           5.46±0.23             3.27±0.19^[b](#tfn6-ol-0-0-9458){ref-type="table-fn"}^
  IL-6 (ng/l)           183.47±29.36          26.83±9.26^[b](#tfn6-ol-0-0-9458){ref-type="table-fn"}^
  IL-2 (µg/ml)          217.45±76.21          165.43±91.3^[a](#tfn5-ol-0-0-9458){ref-type="table-fn"}^
  IL-12 (pg/ml)         256.56±98.34          182.17±86.47^[a](#tfn5-ol-0-0-9458){ref-type="table-fn"}^
  IL-10 (ng/ml)         274.65±79.28          173.54±69.7^[b](#tfn6-ol-0-0-9458){ref-type="table-fn"}^
  MIF (ng/ml)           25.42±6.95            10.32±4.31^[b](#tfn6-ol-0-0-9458){ref-type="table-fn"}^

P\<0.05

P\<0.001 vs. before chemotherapy. IL, interleukin.
